Understanding the role of shuttle vibrations in pore fluid distribution is an essential task in the exploration of plant growth in root modules aboard space flights. Results from experimental investigations are reported in this paper on the distribution of immiscible fluid phases in glass beads under vibrations. Hexadecane, a petroleum compound immiscible with and lighter than water, was used in the experiments. The higher freezing point of Hexadecane (18 • C) allowed the solidification of the entrapped blobs in the presence of water in porous media, so that their size distribution can be obtained. van Genuchten function, commonly used to express moisture retention curves, is found to be an adequate fit for blob size distribution at residual saturation. The effect of vibrations on the fate (mobilization, stranding, or breakup) of a solitary ganglion in porous media was studied using a network model. A mobility criterion considering viscous, gravity, and capillary forces was developed to determine the fate of a solitary ganglion in a porous medium. It is concluded that the effect of vibrations is to increase the likelihood of breakup and mobilization of blobs entrapped in porous media at residual saturation. The pore fluid distributions after vibrations are less uniform than those before vibrations.
Introduction
Distribution of water and air in soils is a common problem of interest in several contexts of soil sciences and geotechnical engineering. Plant growth in soils requires good understanding of the availability of wetting fluid (water) to root systems. The present study is part of a NASA project aimed at developing an improved understanding of the conditions required for plant growth in zero and micro-gravity conditions. In addition to the changes in gravitational force, plant growth modules in space are influenced by vibrations during launch and orbital movement in space. The Author for correspondence: mingxiao@ksu.edu purpose of this paper is to report results from experimental and modeling investigations on how vibrations affect discontinuous fluid phase mobilization and distribution in porous media.
Distribution of discontinuous pore water in soils has seldom been reported in the literature, perhaps due to the difficulties in measuring the characteristics of water blobs in pores. However, distribution of oil ganglia in porous media has been widely investigated in oil recovery processes in petroleum engineering and in groundwater remediation technologies in geoenvironmental engineering. The blob size distribution (BSD) of nonaqueous phase liquid (NAPL) can be used to study the distribution of immiscible phases, such as water and air, in soils. For example, Mayer and Miller (1992) derived the BSD of styrene monomer, a type of NAPL, in glass beads. They polymerized the styrene monomer in glass beads, and the solid styrene monomer blobs were sieved to obtain the BSD. Mayer and Miller (1992) also proposed to fit the NAPL blob size distribution with the Van Genuchten function
where d is the blob size (mm), F (d) the mass percentage of blobs that are finer that size d, β and m are fitting parameters, β (mm −1 ) increases with the decrease of mean blob sizes, m is related to the shape of the BSD curve (m is larger for more uniformly distributed blob sizes).
In order to study the distribution and transport of immiscible ganglia in granular porous media, it is essential to understand the mechanisms involved in the movement of a solitary ganglion. Depending on the external forces it is subjected to, a single ganglion in a porous medium can be mobilized, stranded, or broken up into more than one daughter ganglion.
To determine the fate of a solitary ganglion in a porous medium, mobility criteria should be established. Ng and Payatakes (1980) developed a ganglion mobilization criterion in which viscous force is considered as the primary driving force. The criterion was expressed as
where µ w is the absolute viscosity of water, v f is the flow velocity, γ ow is the interfacial tension between water and the oil ganglion, k rw is the relative permeability to water when the porous medium is not fully water-saturated due to ganglia occupation in the porous medium, k is the saturated intrinsic permeability, and β KI is the maximum appendix mobility factor that is determined by the geometry of pore throats containing the ganglion.
